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@ Implantable electrodes for defibriliation are 
formed of pluralities of electrode segments. Each of 
the segments is relatively long and narrow. The 
electrode segments can be parallel and spaced 
apart from one another a distance at least ten times 
the nominal width, with one end of each segment 
mounted to a transverse distal portion cf an elec- 
trically conductive lead coupling the electrode to a 
defibrillation pulse generator. Attematively, segments 
can branch or radiate outwardly from a common 
junction. In yet another arrangement, electrode seg- 
ments are portions of a single conductive path at the 
distal end of a lead from a pulse generator, arranged 
In either a spiral configuration or a serpentine con- 
figuration which can align electrode segrpents side 
by side, parallel and spaced apart. The electrode 
segments can be formed of composite conductorsr in 
the form of titanium ribbons or wires with a sputtered 
outer layer of platinum, or a silver core in a stainless 
steel tube, with a platinum layer formed onto the 
tube. The electrodes are highly compliant yet can 
provide large effective areas for defibrillation, en- 
abling a transthoracic pulsing arrangement of two 
electrodes on opposite sides of the heart, implanted 



subcutaneousiy outside of the thoracic region. 
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BACKGROUND OF THE INVENTION 

The prdiiont invarition relates to field of elec- 
trical defibrillatioh, including ''cardioversion, and 
' more particularly to the structure for an le<:trode* 
usiBd in impiantable'^ defibrillation systems.' The 
term "defibriHatlo.^^;' as iised herein. Includes car- 
dioversion which is anofhor technique involving rel-' 
atively high onet^y doHveiVi isfe-c^ to pac- 

ing, as well as otfier Aspects of defibrillation thef^- 
apy such as tm manitoHng of cardiac electrical 
activity (sensihgy whSn not deliverin high energy 
-impulses. .vcr^?:--- 

' Defibrillation a lechnique employed to coun- 
ter arrhythnriic heart conditions including iome 
tachycardias, flutter and fibrillation in th<& atria 
and/or ventricles, - Typically , ' electrodes are em- 
ployed to stirhulate tfi^ heart with electrical im- * 
pulses or sh0(*s. of a magnitude substiifTtlaiiy 
greater than pulses used in ciardiac padng. One 
defibrillation at^prdach invofves placing electrically 
conductive paddi^' el^bdes against the chest of 
the patient. Duririg cardiac surgeiiry, such paddles 
can be placed Wectly against the heart to^apply - 
the necesssury Electrical e^^^ 

More recTdnt defibrillation systems include body 
implantable electrodes. Such electrodes can be In 
the fdnnn of patches applied directly to epicaxiiai 
tissue, or at the distal end regions of intrava^ular"' 
catheters, inserted into a selected cardiac cham- 
ber. U;S. f>atent No. 4^.603.705 (Speicher et af). for ' 
example, discloses an inti'avasdular catheter witii 
multiple electrodes, employed Either alone or in' 
cpmbinatiori with an eplcardia! patch electrode. 
Compliant epicardia! deilfbrijiator electrodes am dis- 
closed In U.S. Paterii No. 4,567,SdO (Moore). 

Epicardial electrodes are ^considered th e i rno st^ 
efficient, in the sense ^at less energy is required 
for defibrillation as compared to either chest Con- 
tact paddles or intravascuiaic catheter electrodes: 
However epicardia! electrode implantation is hrgHiy 
invasive, major suiigery, since it is necessary to 
enter the chest cavEty, which typically involves 
spreading of adjacent ribs or splitting of the ster- 
num. This procedure presents a risk of infectiori. 
Further, implantatldn and attachment place physical 
constraints upon the rtature of electrode, these 
electrodes must be' eith&r quite small, or extremeiy 
compliant and resistant to fatigue, as they maintain 
confonfiiai nt to the contri*'' . « eDcV 

Qerieraiiy. larger d^iuriH. . . rti-j^Vare 
considered more desirable, since uiey reduce the 
impedancla at or near tlie eiectrod . Sensing arti- 
facts also are reduced for larger electrodes. How^ 
ever, larger eledtodes ^re difficult to attach to the 
epicardium, as they miist c^^^ to th heart 
during the contractions associated with nonmal car- 
diac activity. Subcutaneous electrodes are more 



easily irhpianted, at less risk to the patient. In a 
defibrillation electrode or an>- other implanted de- 
vice, however, increasing the size generally in- 
creases discomfort and surgical risk to the patient 
6 Increasing the size of a defibrillation electrode 

affects its efedrical perfomr^ance. Conventional 

• electrodeis are ■ subject to "edge effects" arising 
■' from the hon-unifoirn xlis^^ of electrical n- 

• ergy when the electrbde receives tiie pulse. In 
10 particular, current ' densities are greater at the 

6dges of tiie (Bl'ectrode than at interior regions of 
tine eleiitrode. An attempt to counter the edge 
effect is disclosed In US. Patent No. 4.291.707 
'(hieilman et ai). A series of circular openings, 

Ts Utrough an ihsulative layer -framing a conductive 
scr^n, are said to substantially eliminate tiie edge 
effect by ttie additional exposure of the screen. 

' Anotiier problem encountered in larger electrodes 
is the resistance across the iengtii (largest linear 

20 dimension) of the elec-trode, leading to unwanted 
voltage gradients abrosk tiie electrode which can 
degrade electrode performance. 

Therefore, it is an object of the present Inven- 
tion to provide ain irnplantafale defibrillation elec- 

25 trode with a large effective suriface area to lower 
the impedance at or near the electrode, without 
Causing undue patiertt discorhfort. 

; >^^^ a defibrillation 

etectrdde that Hais a laige effective area, yet is 

so easier to implknt arid readily confonms to tiie con- 
touris of ife implant iocatidn. 

A further object is to provide a defibrillation 
* electrode structiire enabling a relatively large size 
white reducing tir»e non-uniform field distribution 

35 associirted with conventiortiai electrodes. 

Yet anotiier object is to provide defibrillation 
cloctrodes of sufnc^ent size~and effectiveness to~ 
enable transthoracic delivery of defibrillation 
pulses, with an implanted system. 

40 • ■ ■'' ' 

SUMMARY OF THE INVENTION 

To achieve tiies^^^^ objects, there is 

provided a bddyj Implantable tissue stimulating 

4$ electrode. The electrode iricludes a plurality of 
flexible. elecWcaily Conductive electrode segments 
having a nominial widtfi and a length at least five 
times the nominal widtfi. A means is provided for 
mechanically coupling the electrbde segments witfi 

60 respecl to orie anotiier whereby each of tiie seg- 
ments, over tiie majority of its lengtti. is spaced 
apart from each one of ttie other segments by a 
distance of ^t least 1,5 cm. A means is provided 
fpr electi-ically coupling the electrode segments for 

55 substantially simultanebus reception of the tissue 
stimulating eiectrical pulses from a pulse generat- 
ing rnearis. Consequently the electrode segments, 
when receiving tile tissue stimulating pulses, coop- 
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rably positioned in ihe right atrium and the riglii altemative implantation approaches for defibril- 

verttricle of the heart, with the" distal end of the iation Systems incorporating electrodes embody- 

catheter neiar the apex of the rig^ ing the present invention. 

As cbmpkred to the eritry ih't^ 

nonmally aesbciated with implanting epicardia! elec- s DETAILED DESCRIPTION OF THE PREFERRED 
trodes; transthoHacic placement of subcutaheouitf ' ' EMBODIMENTS ^ ' 

electrodes '^s outiiiied above* is substantially ieisb ' • 

ihvasiv&. preserves the integrhy of the rib cage and ' ; Txjining now to liie diawing^, there is shown in 

the pleural cavity/ and reducesiVi^k of Infection: Rgure I a defibrlitatibri electrode 16 including three 

NonethelessV otHeMrnptant ibcotibhs. Inciudingj id ' parallel and spaced apart electrode segments 18, 

direct attachment to i^picarijlal tissue, can be em^ 20 and 22. Eadh of the segments has a length (L in 

ployed in abcordance wtrt the present invention, to th^ figure) substantially longer than its width (W), 

achieve relatively large effective electrode areias - ©.g. 30 cm long wiiii i'homlrial width preferably 

whilei maintaining patieh^^ . about 0.5 mm. Generaily; the width should be 

more uniform distribution current density^ 76 within the range of fi^bm 6.25-5' mm. Adjacent s g- 

ments are spaced apart a distance (D) substarrtially 

IN THE'DiRAWIN(3S; " gi^eater tii^i the ncnnrtinal width, e.g. 3 cm. This 

center-to-center spacing should be at least 1.5 cm, 

For a further' understariding of the above arid krid prefef^ly does not exceed 30 cm. 

other features and Bdv^rrtages, reference is mad© so ; Eltitrode segnrients 18, 20 and 22 are fixed at 

to the detailed descriptibn ^d fb the drawings, in respe'ctivei fir^ ends to a distal end portion 24 of an 

which: \ " eiectrjcaliy conductiviB lead 26. The lead conducts 

Figure 1 is a top plan view of a defibrillatioh electrical piils^ to the electrode segments from a 

electrode constructed in accordance with the pulse generator (not shown) coupled to the proxi- 

present invention; 2S mal end of the lead Lead 26 at the distal end 

Figure 2 is a sectional yieiw taken along tiie tine strijcturally supporis tiie longitudinally extended 

2- 2 in Figure T; ' . electrode sepjtieWts ' fn. the transversely spaced 
Figure 3 is a se>cti6riai vii&w taken along the line ' apart fcortfiguifitiorf showr^^ 

3- 3 In Rgure 1; . The electricaiily cbnductive porti^ 

Figure 4 is a top plari View of an altematfye so surrounded by dn electicatly insulative cover or 
eimbodiment electrode constructed in accdr- "'\.. ' isheSh 28, pfeterabiy cbnstriicted of a body com- 
dance with the present invehtion; partible pojymef, e.g. a rnklica! grade silicone rub- 
Fgurds 5^ illustrate sk&ma^ye constructions for P^^ pr pplyurethahe. ks seen In Rgure 2, the lead 
electrode segnrients of the electrodes; iricludbs a composite conductor formed of a core 
Rgiire 10 is 'plari Vi^ of another altematye 35 30 of silver, surfounded by a tube 32 of stainless 
embodiment electrode cidn^tn^ in accof- steel. This type of composite conductor is known 
dance with the presetijt invention; :^s dfiawryed field tube ' (DFT) of MP35N 
Rgures 11-13 illustrate fiirtfier altemativ^ con- (brandname) alloy available from FWM Research 
figurations of the electrddi^ ofRgure 9; Pix)ducts of Fort Wayne, Indian^ Fur^^ 
Rgure 14 is a top plari view of anothi^r alter- 4o is applied over tiie stainless steel, 
native erhbodiment eletrtrd " ; ' j^referi^^^^^ or other deposition pro- 
.Rgures 15, 16 arid 17 iiiusfrate a further emV _ ; . ' cess. Whije^^^^p^^^ coating 34 also 
bodimOTt eiei^ ! ^ can cohsisi of Another n^^ 
Rgtire 18 is a top plan' view of yet another group (e.g; iridiumi, ruthenium and palladium) or an 
embodirhent electrode; , 4$ ialloy of these hr^etals. insulative sheatii 28 is con- 
Hguf^ 19 is a Schematic representation of the tigupiis witfi and surrounds the platinum layer, 
electrical field between a continuous patch elec- " ' As seen in Rgliire 3. the construction of elec- 
trode and an electrode^^^ h^^^^ segments, biit in . trode segment 22 (and likewise segments 18 and 
which trie segrnerite a^^^ close to one an- i20) oveir substaritially all of its lengtii is substan- 
dtiien . . -y''^' /\ . tially similar to tiie construction of tiie conductive 
Hgiire 20 is a' schehiktfc . representation of tiie J' portion of lead 26. Thus th^ segments also are 
electricsU field bistwee^^ . highly electrically conductive. Platinum c^ 
ed adrording to^^^ provides a further 'advantage for the segments, 
Rgure ?l is a plot of intraelectrode impedance . which are not covered , by the insulative sheath, in 
.as a func?tion of th,e,sj5acin^^^^ adjacent ,65 particular "ttie platinum coating when applied by 
segments of each of tii * electrodes, for el^p- , ' vapor deoosiitioh provides , a microtexture which 
. trodes with from two to four; segments; and substantially incrieases jthe i^eactive surface area of 
Rgures 22, 23 and 24 diagrammaticalty illustrate the electrode segments, to reduce near field Im- 

4 
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erate to define an effective, electrode area incor- - platiriiwi. A agitable Jjled. tubular coridurt^^ 

porating the electrode segrrients and having a posed of a silver core within a stainless steel tube, 

width of at least 1.5 cm. "' . • ' Th^ elecfrp^a. segrnents c;&n be formed of single 

In . one pr ferred configuration, the electrode . . wires, /pju.r?ilitiesi.:0^ a braided or twisted 

segments are. liniear . and, in parallel spaced apart,. ,^6 qonfiguratipn* helically^, wound coils, or a woven 
relation, ail extending in a jongitudinal directioni, :.rqe§h pr^^reen.jR ^pi^^ 

The mechanical and electrical. coupling means can-^ ^.^ r^ , ^thpse.,:jemploying t# <*wp it is further 

be a transversely extended distal portion .of ran . - ^,. d^^^ 

elongate, electrically qondyctive lead. The. lead is .i,^ - ; positively, position J^^^ electrode segments with re- 

connecte|c! V? ©ach. pf the /respective first end-^or? ;-i. ra spect-to.ppe anciher^ \ . 

tions^ of . the . ej^cfro^e; segment along Its distal. . 3^ : ft,ba§fbeen fofjnd^^^^ 

region, and rConnet^ed .at^ end .to. a -^trodj^vsegments reduce anyvVoltage gra 

pulse generatirig rn^ans. Preferably an electrically the electrode, with the separate siegments simulta- 

insulative.Jayer covers. thp |ejad, leaving the elec--^ v -rTfiOusly-roceiving. a defibrillation or other stimula- 

trqde segments exposed, tp define ^ .sub^antially , 16 tion pulse. The separate, segments thus cooperate 

rectanggl^r. "ph?intom^ electrode;: . to lact as -a single "patch" electrode, having an 

area. : ^ ; ; ,v : v :r ©ffscfiye. surface a^ 

Alternatjveiy, the, ele^^^ pan xa- - ^^^J .fpr omer poiygor? containing all of the segments. As 

diate outwardly fpnri. a jcprr^ ^Pic^ify, j: ,. . ^^ an ejcample, an electrode formed as a row of five 

at the distal end of the jead o^. conductive coupling ... . . 20 ,. ;ip§^^^ e(gctrpde segments spaced apart from one 
wire from , tfie,.pulsQ, generating means. While the . • v: another by ^ being 10 cm long, 

coupling wir^. . is covered wlth.ap insul^^ rriaterial . .. , wpuid hay^- or effective area 

over the majority of its length, a distal end jpprtipjn . , .siigf^tiy ^ times ten) square 

of .thp cpupling wire can be jeft exposed, to p'xiidde , crh. Y^i as compared to a continuous rectangular 
one of the d^ctrpd^ 25 patch, ei^ode rpeasurm^^^ 

, Yet-^^ a single. eleg^ , . ^ifranchlal^$8gJ^len^ In accordance with 

trically , conducive, wire or pjE^, with portions of the -. ' .^.. ... t^^^^^ to implant, reduces 

path providing, t^ spaced, ap segments. an. , . ..the.^hlgth o^iTOnideri^ region?, and more easily 
example. Jthe paji can ;t)e. arranged in a serr«ntine , cpnfprms to (the thorax or pthier .surface to which it 
configuiratipn in which segments are parallel to and ^ ,30. . js attached. In fact, branched arrangements of seg- 
aligned wit^, one appthe^ ^ide ,by- side. Alternative- ^ , , ^mente can proyide efifeetive defibrillation electrode 
ly, the conjductiye p^ is'formed as a spiral. Jri, 'I..- V'areas in^the range of from 100 to 200 square cm, 
either eyerit, adjacent segrnente.are space/i apai^,. . while enabling easy Implantation. - 
fronn one lanotiier .a distatf^ T^us.' in accor^^ 

than their width, prefera^ an order of, jm^g-* ,35 ! , j|liQri^Ji5 displosed a process for applying deflbril- 
nitide or more. . , . ' v,Jc' *; /J.atipn puis^^^^ a human heart, including the follow- 

Z In.a.prefwed ejoOTptei^ electrode $eg-: r ..^ jfig steps: ^ 

me,nt5 about 30' cr^ and with a nominal y^idth. (^^ compliant electrode in a 

of 6.5 , mm 63^^^ longitudinSiy, aligned v|rttt( one. , / : patient, proximate the pleural cavity and the rib 
another and spaced apart ifronri one, another i^^^ . 4(1^., ..p^^ a first side of the thoracic region of 

about 3,.cm. One end of eiach el^ctrod^^ , : ^ - . 

mounted to the distal end portion of a condu^y^. ,,,// /^^^ 7 cqmpliant electrode in 

le^d to .a pu|^fi^ generator. At the . ,tbN^ .body, prbxi^ the pleural cavity, and \he 

oi eac6 ,segrnent is. an enlargi^ent such as' a. loop!- . .7. . .rib, cage, and.pn a.second. side of the thoracic 
or flared, pbd. fom^ : region . opposrta,^ first side, with at least a 

cjerisffies (jtye to the .preylously described .edge, , .po 

effects. The combinatipn of ,a large phantort^, area Z[ , ./ ; ©lectrpdps;. . " „ ... 1. . 

yvitifi multiple condufnive^, segments reducers fippr ^, (c). implaritin^^ a ' defibrillation , pulse generator; 

uniform current dlstribuflons.r , , . * . \- arid . i'i ' 7„ ' 

T^e. best .f:Qsult? are aghje^^ 'sa ^, . l '/^^^/sii^^h and second 

duptiye' electrode segrnents^^!^^ tji^ sc . . /i^^Jii^fifi^^s; pulse generator and 

m^in| . arj^' 'p^^^^^ low resigtancp 7 ^ ^0"^^ ^ Pulse 

.composite, .condu^^ including drawn braised \ 7 , ..^^^^ second elec- 

strands (DBS); Qlrawn .filled/^t^^^^ (DFT) apc[,.the . ^"j, . ^/l/J^^^ I. ^^.'^X- 
like. ;cciafed .wit^^ ritetal froni^the( . .!^ s6 7*:i if ^deslr^,..Qhe.or^^^^^ electrodes implanted 

platinum group,.^^j.' J^^^^ or, palv/ . . ... proximate. ti^e, p^ Cj^Vity anqj. rib cage can be 

Jadiuon. pr dterhajively with an alloy of one ot these used In combination , with *orie/or more coll elec- 

metals. The strahdis ;C;ari be formed of titanium or . . trodes mounted on an intravascular catheter, pref- 
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longer cbnductive'path 'with lessr iensile strength.- ' 

Air bf tiie aiterriative constructions provide elec- 
trode segments which are hrghi/ compliant, first in' - ' 
the sense that they r adily adjust to the contours of 
body tissue at the implant site th y ar^' b 

implahted/ and secondly over the long terrri, in 
cpntinuaily ccnforming to the tissue during mus- 
cular cohtractiohs and other tissue movement 

Figure 10 illustrates a further embodiment de-' 
fibrillation elec^ode 86 incfudtng electrode seg^ ib 
ments 88. 90 and 92 formed as brbiches. radiating 
or extended outWardty frorti a common junction and 
stress relief ar^si 94. JUnbtibn 94 is positioned at 
th^ diistal tip region of a lead 96 to a pulse gener- 
ator (riot sh6wh)v and included a cxjnductive portion ' ' 
stiitounded by an instilktivb' sheath 98. The cbh- 
ductive region of the lead and the electrode seg- 
ments can.be constructed as previously described. ' 

The stress relief fibrtidri Jof the electrodlt . is 
eiebtrically insulatlve arid cojvers portions of the 26 
segments, leaving expbsed pbrte of the seg- 
ments spaced apart f^brri one ariother and defining 
an effective or phkhtpm^^ a^^ shown fay the 
broken line, /^/before, seigments 88-92 hii^ a 
nominal width p^^ mim. and are' 26 

longer than tfiey are wicJet fof by at le^ a 

. fartdr of five; At tike fr^^ segments are 

respective masses br 104 and 106. ^ ^ 

The bodies are/cpnstruct^id of ah etectrically cSh- ' 
ductiye. piastically defdrrnable Vmaterial such as 30 
. platinum or gold and. as sben in Rgure 10, include 
siots 108 sHghtiy wider th^ tte^ 9^ ? 

rrients iB8-92, Each bcdy is applied to the ffbe otq 
of its respective el^ode segment by Inserting thV . 
free end within the resi)ectiyQ slot and pinchih^ tiie 36 
t)ody to frictibnally secure tt^^ to thje elec- ; 
trbde s'egmdirt Bodies 102-106^ thus provide 4n- 
largerniBnts at the froe ends bf the segmbnts io 
redluce the chahce for high curfeht densities at the ' 
free ends, and prpvide a means of fixation of the 46 
freeends."'* V "V..'-' 

Rgures, 11-13 schematicail^^ altehia- . 

tiye configurations for elek:4rod0 86. More Rftrticu- V 
larly, .Figure. 1 1 illusfrales a damp 110 for bibc- 
trically and mechanically .coupling two intersecting 45 
cables 112 and 114. paSble 112 Is part of lead 96. ' . 
with a distal poriqn bf flie lead providing center 
segnient 90. pedrode se^ and 92 iare 

oppQ$ite portions of . <^d)le1^^ 

electricaily insulative she^ clamp 110 ' so 

and porttbnis of cables ti2',ahd 114. leaving trte 
segments expbsed^ 

\n Figure 12. segmbnfe 8U, 90 and 92 extend 
' radially .'from* a. cdrriipipp member 118 at tiie distal 
end of lead 9^. Altemati^^^^ 06 Is the ss 

distal bnd of th le^. in which case the remainder 
Qf ,the lead, crimping member 118 and portions of 
the electrode segments are pi'ovided with an in- 



sulativ6 covering 119. 

in Figure 13, crimping member 118 secures 
electrode segments 88, 90 and 92 to the distal 
section- 120 of lead 96. Insulative sheath 98 leaves 
distal section 120 xposed;' 8o that it functions as a 
fourth blectrode segstient. 

Figure 14 stTows a furthibr ambodiment defibril- 
latibh elec6'bde 122' iricRiding a lead 124 having a 
distal end 126 formed in a' burved. serpentine con- 
figuration. Ah insulativb sheath 1'28 covers the I ad 
and leaves thb distal region exposed. Further in- 
sulation covers curved portibns bf the electrode at 
130, 132 and 134. thus to define four parallel 
segments or length-portions 136, 138. 140 and 142 
aligned with one another 'and side by side. 

Rgures 15. 16 andNl7 cilsclose alternative s r- 
peritihe' electrode configurations- including an eiec- 
frode 144 with a wire mesh or screen 146 on an 
' electricaLlly insiilative blacking 148. Rgures 15 and 
16 illus'&ate ia cbnductive path 150 including par- 
allel electrode segments 152. 154, 156 and 158. 
The distal end of' segment 158 is enlarged at 160 
' to counteract bdge effect currerrt densities. 

In Figure 17, an eiectrode i62 includes a ser- 
pentine conductive path 164 formed between a pair 
of generally rectangul^ electrically insulative layers 
166 and 1.67. A serpentine opening in layer 166 
ekpbse^ part 0^^ nibsh layer 168. Siits in the 
patbhes at 1"^.; 172 and 174 allow the patch to 
conform ;tb the site of implant. Selected parts of the 
' condiictive path can be covered with Insulation if 
desired, to leave jUst parallel segments exposed. 

Figurb 18 discloses yet another embodiment 
defibriilatiph efec^ode 176 in which a single con- 
ductive path 178 at the distal end of a lead 180 is 
formed Into a 'spiral. _The path can be a coated 
bom»x>site ca^^ or screen as 

previously described, with a similar nominal width 
in the radial diretition. the pitch of the spiral, i.e. 
radial spacing (D) between adjacent arcs in the 
spiral, ts prefef^ly abo^ cm. Thus the eff ctive 
blectrode Vea encoripbs'sbs. tiib outennnost arc of 
the spiral, as indicated ~b line at 182. 

Tlie spiral includes at lieast two complete turns or 
lehgtiihporitibns as shbwn^^^^ each tunn forming an 
arcuate elebtrode segment to provide respective 
radially inward arid outward segments 184 and 186. 

Regardless of the particular embodiment, elec- 
trodes constructed in accordance witii the present 
Invention provide a substantially larger effective or 
(Dhiahtom area than previously practical for implan- 
table defibrillation electrodes. One reason for this is 
the spacing between adjacent electrode segments, 
. resulting in mbre compliant electrodes, botii In the 
sense of matching contours in body tissue, and 
"dynamicaliy" in responding to muscular contrac- 
tions and other sudden or rapid tissue movement, 
witii virtually no' risk bf fatigue. Another feature 
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pedance of the electrode , (the term "near field" . 
impedance refers, to the voltage losses associated 
with the electrode due to chemical and field ef- r 
fects). For a further discussion of this feature.,; refer- 
ence is made^to U.S. Patent Application Serial, No^ 
512.651 filed April 20, ji990i ,and assigned, to the ..^^ 
assignee of the present application. The reduced 
interface . impedance inpreaees the ratio of, buik. ' ? , 
inr)ped^nc6 to. the total system impedance as mea: 
sured between the. stimulating, electrode and. the ,.ro \ 
indifferent or signal return electrode. Thus, more of . ! " 
the, vQltage drop pqcurs , across.. tissue, where , It -is . ;3 . . 
useful for causing.,the desired stimulation, with pror - - , 
portionately less of the voltage drop occurring, at , . ! 
the. electrodes wtiere it is non-productive. This en- 76 ,^ 

, ab.ies a reduction in. overall poterjtial or pulse dura- 
tion, in either, event reducing, the required energy 
' for defibrii)atiof),,r \, . , 

Qiven'adeciMate.spparaUpn^te s^gmexits . 

.20. 22 and . 24, the c^^^^ distribution is., made , ^q. . ■ 
more ujiifprTTi. to further courrter any current d^/v- ' , 
sityrdifferentiais due to edge effects at the ends of " 
segments 20. 22 and ^4, loop® 36. 38 and 40, are , 
forrned at these ends,, respectively. Altern^veiy, ^ . 
th9 ends can be flared or otherwise enlarged, and as 
rernairi substantiaily free of undesirable cogcenlT]^ . 

Jjohs^ Qt high^^q^^^ 

late implanCas^t^^^ .tpVpositionally .fix the, 
electrode^segments. ' ' ' 

.Be'cagse the ^lectrpjde segments are electrj-.. so 
caily common. Itfie f lectrodes receive and frj^smlt! 

' defibrillation pulses siiriult^nepusly. The electrode 

; segments are sufficiently near prte another to. funcr . . 
tion in concert; Rroyldlhg .an effective area or phah- . ! . Z^'. 
, tom area incdr]^iTating the gegjnents. as indicated . 35 
in broken Imeis af 42! In other words, eleQtrqcie 
segments 20,, 22 aind 24 deflhi; a generally r^cten- ' ' 

5^u!ar^eff^ctive area, with su^^^ greater qorn-; 

plianpe tQ contours arid mbvernents of body tissue. ' ^ 
as compared, to a cominuoulp^^ electrode, [p j^46i 

[ addition, the spacina between electrodes perfdims 

^ Important 'electricaf fU^ by producing ^ 

subisferiti^ly* m^ 

, that of a coritinuQMS patch electrode. Patch ,^le^;- . ^ 
trbdes are known to -te^ of very - high 45 

curreirit density arouhd^^ t^^^^ edges^ and 

regions of low current densjty at their centers. By 

. using a segriiented electrode, with segments pirop- . / . 

^ erly spaced apart frbm one another, much higher ' 
currents can be delivered, to . the central region df si? 
th€| effective pr phantom area because current is, 
able to " flow between adjacent segments, this re- 
sults in a; more unifonm electrical fi Id acrds^ the * 

■ heart '\ /' " ' . ,, ... 

' Rgure 4 illustriates an alte^^^ embodlme'^nt >5 
defibrillation elb^ including five ' fprigafe ; 

electrode ^e^nrierits 418, 48, 50, 52 and 54. ach 
with a pr^feri-^d width and substantially gr ater 



^preferred Jength , as described in connection with 
,electrod9 16. Eacii.,of electrode segments 46-54 is 
."p^rt* of ^ .wire mesh patterrr 55 and-extends longitu- 
dinally.. Trcmsverselyj^Kten^ end portions 56 and 
57 ;Pf. the. pattern, cou to a lead 58. 

.^l insulative. 'sheath ,. 62 surrounds lead 58 from 
electrode 44, io the jprbximal end of the lead. An 
^lecftricajlly .Jhsulati^^^ supports mesh 

pattern . 55f .-The mesh pattem is covered by an 
InsulalHve! layer 66.. Slote 68, 70, 72 and 74 are 
formed in. backing 64 ai^ layer. 66 between adja- 
. _cent el^rode segrnents *. : 
, ^ . Rgura 5 j)lusfrat|^ an,a^^^^ form of com- 
ppsite conductor known as DBS (drawned braised 
strands), available-. fronri FWM.Research Products. 
Fort Wayne, Indiana. As shown, a silver core 73 is 
sun-ounded by six .st^ynless stfel wires 75. The 
structure is heated and drawn to braise all wires 
together. the results is a solid, continuous com- 
posite conductor composed of a silver core and a 
.stainless ste^^l .outer sh^ll or tube. 

Rgure Is illustrates an alternative construction 
fox,^e ejectrp^e segments of either electrode 16 or 
electrode 44, jnyplving. . a 'jDl^^^^^ of composite 
conductors 76 in a twi^d configuration. Each of 
the condgptprs c€m jnciu^^ a silver core within a 
stainless steel tube* Qp^ platinum as pre- 

viously despribed. Alternative composite conduc- 
tors for single and nriuftiple: wire arrangements in- 
clude platinum or titanium ribbon or wire, clad with 
platinunni. flTie ,twist€(d. cons^ction enhances flexi- 
WlJty ,,arid ; resis^^^ to fatigue in the electrode 
segmerrtevJCtther alferhatiyes include braided or 
i^itted .wires, . . 

; Rgvr<9 7 shows ohother altemative constructton 
;for the el^oirode segments Jri the fomn of a woven 
.mesh, or rop^^^ 78. on an electrically insulative 
ii.£iQk(ng^ of electrode segment con- 

• StniQtioh .1 well suited for epicardial 

ppsitipning, e.g. w|th electrode 44 in Rgure 4. 

.^^Anpth^rr aitelTiative segment construction, 
siibwn . in Figures 8 'and 9, involves a flexible, 
ejectficaLlly (nsulatiye cylinciHcal core 82 of poiyure- 
Qiguie, medtpargrade .sitfc^ rubber, or other sult- 
ai)ie body c^ Core 82 Is sur- 

rpunded b^^ electrically conductive coil winding 
84, preforabl^^ cable such as 

lilij^at^d.jn ,F^^^^ thW_ helically wound coll 
cbndut^r;^ prp^^^ the' greatest flexibility and fa- 
tigue resistance of ahy pr {he arrangements dis- 
cussed,. aj^ fpr this reason is preferred in the case 
of direct epicardif I attachnient, or any other implant 
locaiipn in w^ tead^^egments are subject to 
cpf|tfnued q^r nepeatert m^^^ contraction or oth- 
er igdjirupttissu^^^ A disadvantage, rela- 
tive fp "other 'm that a helical coll 
electrode segment a3 corrtpared to other seg- 
mehts of equal, length, involves a substantially 
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movement' of - body tissue: The narrow electrodo 
segments fiiref provided with end loops or other • 
eniargeniehts to' counteract- high current deniiti s 
due to edg^ effects and Vib provide fixation. The 
present 1 ad ^onfiguratidn^ Further allow a subcuta* 
heous irnplahta^on outside 6f the rib cage, with 
effective defibriiialidn eher||y production due to 
iargd virtual sizes based On the phantom areas 
incorporiatihg ihsi electrode segments. ' ■ ' 

Claims'" ' •■•^-'■■•■ ''•■^ 

1. A body ihriplahtabie tissue stimulating elec- 
trode asserhbiy. ihcluditfig: 

an elongate, electriiialh^' .I'uctive lead 
' ; havirig a proximal ' '^^-H^., %id a distal e^nd 
region; and 

an electrode' includihg a plurality of com- 
pliant electrically conductive electrode seg- 
ments and a comiedtihg means for coupling 
the segments at the distal end region of the 
lead for substantialiy simultaneous reception of 
tissue sliniula^ng blectrical pulses from a 
pulse generatihQ mfciails kt the proximal end of 
the lead, said eiectrude segments being at- ' 

faniged iin' spaced apkrt and side-by-side rela- 
tion such that each o: tin© electrode segments, 
over mobi of it^ lengtli. is spaced apart from 
each one of the other electrode segments by a 
distance of at lea^t 1^5 cm, s^d electrode 
segrnerrts when receiving the tissue stimuiating 
pulses cooperating to define an effective elec- 

' trode area incorporatiiigi all of the electrode 
segments and having a width of at least 1.5 
cm. ' ' c 

2. The assembly of CSaini 1 ' wherein: * " 

said electrode segments are liriear. and in 
parallel, spaced apart relation to one anoiherl 

3. The assembly of wherein: 

said electrode segments extend in a ioh- 
gitiidinal diredSon, and said connecting 'means 
comprises S£ud distal region of lead, connected 
to respective first end portions of the elecirci^e 
segments along said distal region. 

4. The assembly Of Claiifn '3 further including: ' 

an electrically Insulative layer covering tiie 
lead distoi'ehd fiegibn. ■ - " ^ 

b. Tli6' asseriribiy of Claim 3 further including: 

an elongate;' eixdctrically conductive and 
transversely ^ktended coupling path conriected' 
to respective second and opposite end por- 
tioiiS' Oi said electrbde segments. 

b: 'fhe assembly of Claim 5 further including: " 



an electrically insulative layer covering th 
lead distal end region and coupling path. 

7. The assembly of Claim i wherein: 

e each of said electrode segments includes 

at least' one eiectrically conductive cable hav- 
' ing ^ conductive core of silver within a conduc- 
tive metailtube, arid a layer covering the tube 
* ' • and cdnsistihg essentially of one or more of 
10 the following: platinum, iridium, ruthenium and 

palladiurti: 

8. The assembly of Claim 7 wherein: 

each of the electrode segments includes a 
75- ' plurality of said wires 'wound together in a 
twistsd coiTfiguration. 

9. th^ assembly of Claim 7 wherein: 

each of the electrode segments includes a 
20 ■ flexibte, eiectrically insulative cylindrical core, 
and at least one eiectrically conductive wire 
wound ih a 'helical coil about the cylindrical 
core. 

26 10. The asserhbiy of Claim 7 wherein: 

each of the electrode segments is formed 
of a woven mesh scrlsen. 

11. The aissembly oif 'Ciaim 1 wherein: 

30 . ®^ch of the electrode segments extends 

radjaily outwardly of si w 

12. The assembly of Claim 11 wherein: 

' a single el^dlri conductive path forms 
96 first and second ones of the electrode seg- 
ments, arid a third one of the segments is 
joined to tine mid-point of the electrically con- 
ductive ipath. 

40 li The assembly of Claim 11 wherein: 

a first one of the electrode segments is 
^ fonmisd as a distal end region of the lead, and 

the remaining ones of tiie electrode segm nts 
are coupled to ltie distal end region of the first 
45 ' segment ' 

14. Tiie assembly of Claim 13 further Including: 

an eiectrically insulative layer substantially 
covering the lead but leaving the distal end 
so region exposed. 

15. The implantable lead of Claim 1 wherein: 

said segrnents comprise portions of a sin- 
gle conductive wire. 

65 

16. The a^sernialy of Claim 15 wherein: 

s^d conductive path comprises the distal 
region oif tiie lead. 
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permitting the large size is. the highly conductive!,. <^MCj3d impedance asf wpjl as uniformity of the elec- 
electrode segments and lead distal end or otfier , .. . triqal .fle|d,,. w adjacent 
feature electrically coupling the electrode s^g- ./.l U^^.^egnie limit of 

^ments. This ensures an acceptably low y9ltage. shaping iS;je^^ strj^^^^^ physical (size 

gradient acr;oss. even relatiyiBily. large electrodes. ^ ^pd, P3^i^r^t cprpfo^ constraints rather than elec- 
As previously: noteci. . a jarge but segnf?pted ,.. ^ ,Uical .jaerfb^^^^ qaqstraints. VVjthin these limits, 
electrode stnjcture^ rejsujts in.? a substantially, more. . the optimum, ,'^paci^ the materials 

. uniform; current vdistrib^^ to conr . .-"^^plpy^ ah^ of implant, 

yentipnal contiriuous;.RaW^^ Figure )k' , ^ . y^^^ 3 cm between 

schematically - ; itlusfrates an_ eiectrical field,, in. . .,rq( -^a^cija^^^ has been found sat- 

brpken linj^s. between, a cpnt^^ patch eleclrpde, " ^. , jlsfactory.^..., .-^ l\ 

187 and an electrode^ .composifKj^ of parallel, ^p^ic^d;. , ! . ! ~ ; ,!figi)|ce "sc>^^^ an implanted 

apart wires. or segments- 189.^^^^^^ segments . ..^ defibrillation s^sl^ipjncludihg spaced apart elec- 
1 89- 3re^. quite close to. pn$ , another, e.g. spaded, ^^i * ", ," .tr(ite$ „t^" ^'d^^^^^ for example similar to elec- 
apart from one anther a .distanpjs of about 5 ,mnri. \ j,^ ^.,. trpcTe l4 llie dpfiBxillatt^ system further includes 
Because of the- lov^: Jmpetdarice between adiaceritV. ; . ^a pjuls^- gene^^ 192, ^ and leads 194 and 196 
. segments . 189.. there. ijsi virtuaijy no potential ,difr . . , J ,, .qorin^ctirig. t^^^^^ electrodes 188 

ference , between these ^egnp^rits and interyeaing] Both of the electrodes are 

tissue. Most of, tbe.,current flow is along t^e ej^^^ , of the rib cage, in the 

segments 189, and very, Jittie pc^ tl;ipracic region-rTfe^^^ are on opposite 

mediate segments or bety^eeni . segments. Oqnse- , Z. sides of th<^ ,h^a^^ 198. More particularly, electrod 
, quently, the. electrode formed^ o^ segment;^, 18|,. .,, . IS^ anterior with 

, much Ijke . edectrode ist^^ a non-Ontfor^^ . r^^^ Electrode Is posterior 

current distribution, with, y^ry, high cun-ent i^ensjiy . '^^^ ffl^ jB^^ to the right of the 

at. the outside edges a^rid low current densit^^aloria. 'is . 'he^':Sucli^fr£ui$^^ appiic^tipn of defibrillation 
th0 nriedial region^^ ^* , V ^ *3rge surface 

. betwejeri tvyo" ^ ' ' area,, €fp^ accgrdapc^ with the present in- 

eiwtro4f i wi^) respec^^^ 191 an^' i9$ / ventipn 6y the spac^d^^ 

exhibits . a, substamialiy uolfor^ current d^nsiti/^ .t . " , each el^^lrpclis, Pulse gei^^^^ is also moun- 

across each eleptro|de. ^gain tti© field is shewn, ip iap . ted.^ amerrpr and to 198, below 

broken' lines, and illustrai^s the! injiportance 9l,^^ , ' electrode 188, The pulse generator can incorporate 
cient spacipg bety^een , adjaipi^ri^ electrodeV3seg- . ci^^^^ cardiac electrical activity, in 

,ments. More.\pai^dcularly/'th^^ of;.0iepT, ^^'^^^^^^^ 188 and 190 are used in 

trodes 191 and\!l93 are^ip^ced apart frprnr poe ' . sgnsirng j^^^ well as delivering deflbril- 

another a sufficient djstance\^^^ 

to, provide substantiadT dle^OT Impedanba b^^* *: ..^^ . Figure .^ di^^^ a defibrillation system In 
tw0en adjacent Qlectcode^Sj^irije^ Thus, e^qix pf , „ !^ . whfeh^ a^ 200 constructed in accordance 

segments 191 and .I9i3. iniq^uclin^ the interry»ediate„,^^,^./'^.lW is coupled to a deflbril- 

segments, resppnds to^ lhe^^^ o^^^P^ . A^'^ph! P^!?*^^ ^ lead 204. Another 

electrode p^ir,, per^fpiffi^ cgrrettt densitieSt!- 6yer\^*^^^ coristrucfed according to th 

the , central .regioiis :ijf ^the^^ substan-" '*"' ' preseHt ihvenlibn'^, Is applied directly to epicardiai 

tially equal jo tb<? cu^^ ^ , tissue. . Electrode 200 ls' ;posltiohed inside of rib 

, PaMT©^^ ?^ betweer|3^V .^^^^ pleural cavity If 

spacing ^ JJe^e'en QP^^^^ and paraliel/ J^^^^^ the heart, with 

; lelectrode' s^gmQnti?; 5^^^ imped^ce. for grpy^);jif ' '45 ejecrtfodir^^^^^ and electrode 

ty^Q, three, and four segm^^ ^ 2f]^ the iigll^ ' ■ 

^^d 199, respecflyely. )n. a^ the impeflance^ ' J^giji^e^^^^^ electrode sys- 

. iSj highe^ when adjacent segments are ' closest ; ' tem jncludir^^^^^^ 

together. In ail cases, increasing the spadng from. , 6^ and.tb.f% I6fl'^ as in Figure 22. 

1 cm to tiie prefenred 3 cnri reduces impedanc^;; ip ] A'second'^lectfcrf^^^ as a coil, near 

and the cases, show some further improvement as ^ ^' tiie diHtal ^nd^bf iki ; jntravastuikr catheter 214 in 
spabijig is, increased beyond ,3 cm. For any se- the' right atrium and ferttiiriaLtihg at the apex of the 

. Igcted spacirig^ trie four segment' electrode exhibits ri^ ventricle. ' 

the Iciwe^ Imp darit^, which is not surprising iri' .. \ . F^jgw;dyi5S of tiler ^location of implant, elec- 
view of the fadj fliat. ' larger _ electrod gerj' rally^. ^^ss J trodbsi constiiidejrfjh accordance with the present 
exhiljit lowe/jfiiped^hc^ ' ' ! , ..V ^ JP^eVitioh prdyid^ (in the range of 

. ' Thus, H has been JFoiin^ that electrode ,'perfpr-'^ ' ""j'lOb-Sdb sqiiare cm) eiff^cth^e areas, yet readily 
mance is substarifially improved, in terms, of re- cpn^pnp to coritOurs eind contractions or other 
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fibrillation electrod . and wherein the first and 
second defibrillation electrodes ar subcutarie- 
ous, proximate the; pieurar- cavity, outside of 
thB. .ri&\cage and :on opposite sides of the 
heart;.; ] 



32. The d©fibrillat^30 syadm; c^^ . • , . 

the first deflbrHlafeii electrode is to the left 
of and anterior wfth the respect to the ^ jart/ 
^ ^ end the second dcrfilprillatipn electrode is to the lo ' 
right of and p* cv^i1o\w1th';repn^ 

■ ' ■ . . • • ' * 

31 The defibrillation system of Claim 25 whierein: 

said defibrillatEon pulse generator includes 
.' circuitry for ser?p!no caydiaualocte ip-.- 
and said first defibrfliatl^ih electrode, wh^^ not 
receiving the defibrillation pulses, is used with 
said circuitry in sensing cardiac electrical activ- 
ity. 

20 

34. A body implantable defibrillation electrode as- 
- '.senr^bly. including: 

an electrically conductiye/lead,.hayinq a 
proximal end and a distal endt::-:, . .. 

a defibrillation 'puls*si :gefier«ting.^r^ 25 
couplied to the proximal 6nd of the lead; and / 

an electrode at Iha dis^ end of tiPie ierr* ' 
said electrode having a nomiha! width • :^ 
length at least ten times its nofr.irisl Wl * - / 
electrode arranged *n a . curved coni ^ 
with a plurality of length-portions . , of J 
trod© disposed in sEcle-by-sye ?Jif ■ 
in substantially paraM spauttd ap* ' 
with the separation between adj ^ ^ ' 

portions In a direcUpn perpopr 
length-portions; being \ at leasS 



35. The assembly of Clatra S4 Wheretn: ' V 

said electrode is arrpij^cf- i|T :aj« ' 
configuration, and the ior.gth-portions are linear 4o 
and side-by-side. \ . * ' 

36. The assembly of Claim 34 whereirr: : 

' \ said electrode Is arranged in a apifi^J con- 
, -figuration,; with each of said ta^igth-portions 46 
: Gomprising aii arajate soctor of the sipiral. 



37. The assembly of Claim 34 wherein: 

said nominal width is at most 2.5 cn\. 



50 
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17, 



18. 



19. 



The assembly of Claim 16 further including: . v; 

an electricaliy jnsulative layer substantially 
covering the lead while leaving the distal iend.: 
regipn expose^.. ^ , , r 

. The assennbly:.of . Claim 16 wherein: ^ ' V . 

said lead distal end^region is in a serpen: , 
,tine contigMration^ with. sa^^ segments parallel 
to and aligned vvith^^pns another, slde-by-slde. 

The assembiy ot Cl^lmfie wherein: 

said distal end region Is formed in spiral 
configuration., . . 
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20. 



21. 



22. 



23. 



The: assembly of Clairn 1 wherein:;. .. 

Sjaid seg^entSphave respective free; ftnds^>ir. 
and include means at the respective free ends 
for reducing. cunr<9nt density., . > . ^ 



The.assembly of Qlairr^ wherein; : .1 
, , said, me^s : at the respective erids jn-l 
eludes .a loop forrned alt each of the free, enjl&, ; '^.,1 



The assembly of Claim 20 wherein: . . , ! 

. .s^aid rneans at ^ the reispective ends Jht. ^ sii. 
qludes ^ taj) fonrnlng an enlargement at ewih ' . 

of the.fret^'ends,.., ^ . v' 



The asseiTibly of. Claim 20 w' 
. .. said ,m!^ans ; at...the 
clucteis an 40c?tri cor 
to each 6f the f ree end.< 



24< 



35 " 



.Co-" 



sis: 



A procesjL for appjy^^ 
human heart, inbljiidin^ the steps c, 
, intiplantirig ai first cotjipliant eleci *a 
pajiept, pnwi^^^^^ cavity and the lib 

cage, and on a Jrst side pf a thoracic region; , 

implanting ia second compliant electi-ode. 
prQ^mate^th!9 pteural cavity . and , the rib cage 
. .and pn. a second,, side of the thoracic region 
. opposite the flrsi.slcl9,.yyith at least a po/^|on .of ., 
\the. he^ b^tweir) ti^^ electrode and^jhe' 
. sj?cp.ndJeliB<*Q0^ ; ■ vi- n 

implanting a.defilaHllation pulse generator^! 
and ' ' 

electrically coupling th0. first and second 
ejectrpdes tP a defitsrillatlbn putse generator , 
arid, provldirig defibrillation pulses trotp. ttr?,, 
pulse generator, to t^e.ifirst electrode and frbm 
the first elecVode to the second electrode via 
body^tigsye. • :r , 

'a bod^^ Jmplant^J^^ . defibrillation sy8tem..,!n7. . .." . y,'^ 
eluding: ' * ' ... 

a defibrillajtjpn pulSQ geqerator; 
, a first defjfejrt^^^ Implanted at 

least prpjdmate! Jhi'.tljoracic region, said first : 



electrode including a plurality of compliant, 
eip<:rtrically...~.,ppnductiye. elSsptrode segWients. 
^ -V ;,eacli .segjir^ent.,hay^ width and a 

;iengtt(>at JeaertJiyes^^^ the nominal width; a 
v: , cpnn9Ctil^..:m^^^ coupling the 

■ ; electrpd.^, s^fl/r^ie^s for-- substantially simulta- 
:^r- Of qws.^ recegtipg-fpf defi.biillation pulses from 
. ttie ;<l!^if)rlllatipn ©uIsj^ generator; said elec- 
ivr trQd^-tS^rriegts .being -arranged In spaced 
apart and side-by 'Side relation such that each 
of the electrode segments,, .oyer the most of its 
length, is spaced apart from each of the other 
^eleptrj)c!p- .segnients by a distance of at least 
.^Me-ji.WS ^ttievoonriina^ width; said electrode 
vjitsegn^ente w^^^ the defibrillation 

. opoperatjng to. define an effective elec- 

ifbde area incorporating all of the electrode 
-ssgrp^^rrts; : . . . , ' 
>v\ ..r r*#';.fir3t ,<X5upling nieans electricaliy coupling 
: : tii,^.,fjr;9t,jdefibrillation electrode and the defibril- 
: If tlon, pulse generiator; . 

- : ■^vS?9OO?l,d0fibrill$tion electrode implanted 
...eaj)^ region and 

. . spaqedv^apart^ frorn the.flrst defibrillation elec- 

:::^!^i^^r.. ....... 

. :^:?^^'^;^"P.i^ng -,rneans electrically cou- 
gjingi 'the^^^^^ generator and the 

. isecqnd, electrode, . .. . 

26.' Trtie ctefibriUatlon system of Claim 25 wherein: 
, j.tha,,second . electrode is mounted on an 
ifitrav^cular, catheter positioned in the right 
: aiiu^^ and the right ventricle of tiie heart, with 
fiii: ''^ ^i^tai end proximate tiie apex of the right 
venfricle, 

^, ,The,,defibriilation fystem of Claim 26 wherein: 
c;>r:^-/:^thOit''^.'^ electrode is secured 

. .. tp.eplcardial tissue. . 



60 



,^?a.^,TheL.deflbriIlatlon system of Claim 26 wherein: 
5 it':fi:r,o?i®cft^.*^^^ electrode is fixed in- 

v side^ to the left of and 

, , ^.ai^er^^^^^^^ heart. 

c Claim 26 wherein: 

the'flrst deflbrlliatibn electrode is fixed at 
. .tiie sternum. ... 

ki; the riej|t!|^^ Claim 26 wherein: 

the ^ifirst defibriiiation electrode is subcuta- 
. , |. . r>j90us^ proximate th^^ pleural cavity and outside 
. . ':j£v;9t..tlt,^^^ riin cag|© to t^^ left of an anterior with 
. . . ■ rps'pect to ibe .heart 

'-^31, /^^^ Claim 25 wh rein: 

said second electrod is of a construction 
substantially Identical, to that of the first de- 
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® Implantable electrodes (16) for defibrillation are 
formed of pluralities of electrode segments 
(18,20.22). Each of the segments (18,20,22) is rela- 
tively long and narrow. The electrode segments 
(18,20,22) can be parallel and spaced apart from one 
another a distance (D) at least ten times the nominal 
width (W). with one end of each segment (18,20,22) 
mounted to a transverse distal portion (24) of an 
electrically conductive lead (26) coupling the elec- 
trode (16) to a defibrillation pulse generator. Alter- 
natively, segments can branch or radiate outwardly 
from a common junction. In yet another arrange- 
ment, electrode segments are portions of a sing! 
conductive path at the distal end of a lead from a 



pulse generator, an'anged in either a spiral configu- 
ration or a serpentine configuration which can align 
electrode segments side by side, parallel and 
spaced apart. The electrode segments can be 
formed of composite conductors in the form of 
titanium ribbons or wires with a sputtered outer layer 
of platinum, or a silver core in a stainless steel tube, 
with a platinum layer formed onto the tube. The 
electrodes are highly compliant yet can provide 
large effective areas for defibrillation, enabling a 
transthoracic pulsing arrangement of two electrod s 
on opposite sides of the heart, implanted sub- 
cutaneously outside of the thoracic region. 
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